The urinary excretion of (an) odorous substance(s) after eating asparagus is not an inborn error of metabolism as has been supposed. The detection of the odour constitutes a specific smell hypersensitivity. Those who could smell the odour in their own urine could all smell it in the urine of anyone who had eaten asparagus, whether or not that person was able to smell it himself. Thresholds for detecting the odour appeared to be bimodal in distribution, with 10% of 307 subjects tested able to smell it at high dilutions, suggesting a genetically determined specific hypersensitivity.
Introduction
The urinary excretion of pungent odorous substance(s) after asparagus is eaten has been classified as an inherited trait or inborn error of metabolism.1-4 Several metabolites that appear in the urine after eating asparagus have been identified,5-7 and at least two different ones have been held responsible for the characteristic odour.1 67 One of them, methylmercaptan, appeared in the urine of 40% of 115 subjects, and its excretion was considered an expression of an autosomal dominant gene. ' Personal observations of one of the authors (SHB) suggested that the excretion of odorous substances in the urine after eating asparagus might be universal, but that the ability to detect their odour varied. This raised the possibility of a specific smell hypersensitivity rather than an inborn error of metabolism. This hypothesis was subjected to test.
Materials and methods

SMELL-TEST SOLUTIONS
A man who had never been able to detect any special odour emitted by his urine after he had eaten asparagus (hereafter, the "odour") ate 450 g of canned asparagus after emptying his bladder. Six hours later he again urinated, and under sterile conditions 10-ml ampoules were filled with this urine and were promptly sealed and kept frozen at -200C. Serial Two other groups were chosen from among visiting American students who were accustomed to eating asparagus from time to time, unlike the great majority of the Israeli subjects who had rarely or never eaten asparagus. One of these groups included 10 Americans who knew that they could smell a pungent urinary odour after eating asparagus. The other group included 11 Americans who were sure that they had never detected any unusual urinary odour after eating asparagus.
Results
All subjects in the randomly chosen group of Israeli clinic patients were able to differentiate the odour of the undiluted thawed test urine from water. Some said the odour was that of "vegetable soup" while others could not characterise it. The Americans chosen because of their familiarity with the odour were quick to identify it in the test urines as resulting from the eating of asparagus.
On plotting, the smell thresholds of the randomly chosen subjects showed what appeared to be a bimodal distribution, with the antimode at dilution No 7 (1:128 dilution). Whichever way the population was divided, whether by ethnic origin, sex, or age (under 40, or 40 years and older), in each subgroup a bimodal type of curve, with the antimode at dilution No 7, was obtained (figure and table I). The major peak in all subgroups was at dilution No 4, while the minor peak was at dilutions Nos 8 or 9. The thresholds of 9-8% of the total population were on the dilute side of the antimode (Moroccan 8-8%, Yemenite 8-8%, Ashkenazic 11-6%; female 11-7%, male 6-7%; young 12-7%, old 1-3%). These subjects were therefore designated "smellers," as opposed to those with thresholds at or on the more concentrated side of the antimode, the "non-smellers." The difference between the mean thresholds (in binary dilution steps') of smellers and non-smellers in the total population (8-74±1-75 versus 4-01 ±1-48; figure) was highly significant (p < 0 0005).
Of the 102 subjects tested with the control urine, 42 were unable to detect any odour at all in the undiluted urine, while the greatest dilution at which any control subject was able to detect an odour was dilution No 4. The average threshold in binary dilution steps (assuming a dilution of -1 for those unable to detect any odour even in undiluted urine, dilution No 0) was very much lower than the mean threshold of even the non-smellers of urine passed by the donor after he had eaten asparagus (0-16+1-35 versus 4-01±1-48, p<0-0005).
When the proportions of smellers and non-smellers in the various subgroups based on ethnic origin, sex, or age were compared using the chi square test, no significant differences were found. There was no relation between smell sensitivity for the odour tested and for that of acetone in any group of subjects. For both odours, however, as well as for that of the control urine, the thresholds of those under the age of 40 tended to be more concentrated than those aged 40 and over, but the differences did not achieve statistical significance.
Nonsmellers ( n=279)1 Smellers (n-30) that person was able to detect it himself). Thus the excretion of the odorous substance(s) cannot be due to an inborn error of metabolism.
The distribution curve of the smell thresholds for this odour consistently appeared to be bimodal, with the thresholds of a small minority of about 10% constituting the minor peak on the dilute side of the antimode. This bimodality suggests that there may be a genetic trait, a specific smell hypersensitivity. On the other hand there were no differences in the distribution of smellers and non-smellers for the specific odour in the three The group of 20 of mixed origin has been excluded.
The thresholds of the 10 subjects familiar with the odour were all on the dilute side of the antimode, among the smellers (table II) . On the other hand, the thresholds of all those who knew they were unable to detect the odour were all at or on the more concentrated side of the antimode, among the non-smellers.
The known smellers readily detected the odour in the urine passed by each of 11 non-smellers who had eaten asparagus, and they readily differentiated all such urines from those passed by subjects who had not eaten asparagus.
Discussion
It would appear that the ability to excrete (a) characteristic pungent substance(s) in the urine after eating asparagus is universal, since those familiar with the odour could detect it in the urine of anyone who had eaten asparagus (whether or not odour should be determined for the various isolated metabolites.5 7 "Taste blindness" for various substances in the minority of a population is well known, and there are reports of "smell blindness" or specific anosmia for certain odours as well. 8 On the other hand, although general hyperosmia is known in certain pathological conditions,12-14 apparently there has not as yet been described a specific smell hypersensitivity or hyperosmia.8 If confirmed, this would be the first instance of a specific smell hypersensitivity. This paper is based on a thesis submitted by ML to the Hebrew University-Hadassah Medical School in partial fulfillment of the requirements for the MD degree.
Requests for reprints to SHB. Medicine, as we all know, is one of the branches of biology. It is applied biology, like agriculture, because it has a clear goal and is not practised for curiosity alone. We also know that in biology there has been an unprecedented upheaval during the past three decades, amounting practically to a revolution in outlook. Has it influenced medicine? That is the question. The revolution in biology can very loosely be called molecular biology, but it now goes far beyond the function and structure of macromolecules. Though it had roots in earlier research in Britain, and particularly Garrod's first accounts of the inherited disorders of metabolism and Griffith's studies on pneumococci, the beginning of the new era may be marked by the discovery in the USA of the chemical nature of heredity from the experiments of Avery, McCleod, and MacCartney on pneumococcal transformation and those of Hershey and Chase on bacterial viruses. This was followed by the great Cambridge and London period of the early 1950s, when were found the three-dimensional structure of DNA and protein and their basis in a linear sequence, which is the language of genetic information. Biology was then set for the great surges of discovery in the subsequent decades, which still continue. The advances may now be identified more broadly as cellular biology, because so many of the new and exciting findings have concerned the role of molecules in intact living cells, not least the cells of the nervous system and cancer cells. Indeed, the expansion of biological knowledge has been greatest in this interpretation of biological phenomena at the cellular and subcellular levels. Similar solutions to the complexities of tissue, organ, or whole animal and plant have still to come.
The advances have depended firstly on ruthless reductionism and on the determination of the scientists concerned to concentrate on the simplest models-namely, viruses, bacteria, and only isolated cells from complex organisms such 
